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BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The invention relates generally to the field of integrated circuit (IC) device 

packaging technology, and more particularly to ball grid array (BGA) package 
substrate configurations. 

Background Art 



[0002] Integrated circuit (IC) dies are typically mounted in or on a package that 

is attached to a printed circuit board (PCB). One such type of IC die package is 
a ball grid array (BGA) package. BGA packages provide for smaller footprints 
than many other package solutions available today. A BGA package has an array 
of solder balls located on a bottom external surface of a package substrate. The 
solder balls are reflowed to attach the package to the PCB. The IC die is mounted 
to a top surface of the package substrate. Wire bonds typically couple signals in 
the IC die to the substrate. The substrate has internal routing which electrically 
couples the IC die signals to the solder balls on the bottom substrate surface. 

[0003] A number of BGA package substrate types exist, including ceramic, 

plastic, and tape (also known as ••flex"). In some BGA package types, a stiffener 
may be attached to the substrate to supply planarity and rigidity to the package. 
In such packages, the IC die may be mounted to the stiffener instead of the 
substrate. Openings in the stiffener may be used to allow the IC die to be wire- 
bonded to the substrate. 

[0004] Die-up and die-down BGA package configurations exist. In die-up BGA 

packages, the IC die is mounted on a top surface of the substrate or stiffener, 
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opposite of the side to which the solder balls are attached. In die-down BGA 
packages, the IC die is mounted on a bottom surface of the substrate or stiffener, 
on the same side as which the solder balls are attached. 
[0005] Conventional BGA packages are subject to high thermal stresses that 

result from the heat given off during operation of the mounted IC die. The 
thermal stresses are primarily imposed on the IC die and solder balls due to the 
mismatch of the thermal expansion coefficient (CTE) between the semiconductor 
die and the metal stiffener. As a result, conventional flex BGA packages have 
difficulty in meeting reliability requirements for die sizes larger than 9mm. See, 
e.g., Thompson, T., et al., Reliability Assessment of a Thin (Flex) BGA Using a 
Polyimide Tape Substrate, International Electronics Manufacturing Technology 
Symposium, IEEE, pp. 207-213 (1999). 
[0006] The tape substrate used in flex BGA packages is typically polyimide, 

which has very low values of thermal conductivity. Consequently, the IC die is 
separated from the PCB internally by the tape substrate thermal barrier. The lack 
of direct thermal connection from IC die to PCB leads to relatively high resistance 
to heat transfer from IC die-to-board (theta-jb). 
[0007] A stiffener attached to a substrate enhances heat spreading. However, the 

openings on the stiffener/heat spreader for wire bond connections tend to reduce 
the thermal connections between the IC die and the edges of the stiffener/heat 
spreader. As a result, heat spreading is limited largely to the region of the IC die 
attach pad, while areas at the stiffener/heat spreader periphery do not contribute 
effectively to heat spreading. 
[0008] Dissimilar materials are used to build flex BGA packages. These 

materials expand and contract at different rates due to changes in temperature 
during manufacturing of the package, and application of the package. The CTE 
of copper typically used for a stiffener/heat spreader in a tape BGA package is 
approximately 17.4xlO- 6 /°C. For polyimide tape, the CTE may vary from 
30xlO- 6 /°C to 66xlO- 6 /°C. Because of the difference in CTE values, changes in 
temperature during the BGA package assembly process, testing, and application 
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may lead to high levels of thermal stress. De-lamination of the polyimide tape 
substrate from the stiffener/heat spreader may occur when the adhesive film 
between the tape and the stiffener/heat spreader can not accommodate the thermal 
stress during the solder reflow process, thermal fatigue test, and temperature 
storage test, for example. 

[0009] Furthermore, because of the high density of the BGA package substrate 

routing circuitry, it is difficult to bond each power and ground pad on the IC die 
to the substrate by a corresponding bond finger. As a result, the distribution of 
ground and power signals connecting to the IC die is frequently compromised in 
conventional BGA packages. 

[0010] Hence, what is needed are BGA packages with improved heat spreading 

capabilities, while also providing for greater routing capacity and higher levels 
of IC electrical performance. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Ball grid array (BGA) packages having enhanced electrical and thermal 

characteristics are described herein. In a first aspect, the present invention is 
directed to integrated circuit (IC) packages, and a method of assembling IC 
packages. An IC package includes a first substrate, a second substrate, and a 
stiffener. A surface of the first substrate is attached to a first surface of the 
stiffener. A surface of the second substrate is attached to a second surface of 
stiffener. 

[0012] In another aspect, an electronic device is mounted to a second surface of 

the second substrate. 

[0013] In another aspect, the present invention is directed to a method of making 

a plurality of IC packages that have two substrates. A stiffener strip is formed 
that includes a plurality of stiffeners. A first substrate strip is formed that 
includes a plurality of first substrates. A second substrate strip is formed that 
includes a plurality of second substrates. The first substrate strip is attached to 
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a first surface of the stiffener strip. The second substrate strip is attached to a 
second surface of the stiffener strip, whereby a substrate/stiffener/substrate strip 
combination is created. The substrate/stiffener/substrate strip combination is 
singulated into a plurality of separate substrate/stiffener/substrate combinations. 
[0014] Further aspects of the present invention, and further features and benefits 

thereof, are described below. Further embodiments, features, and advantages of 
the present inventions, as well as the structure and operation of the various 
embodiments of the present invention, are described in detail below with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0015] The accompanying drawings, which are incorporated herein and form a 

part of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. 

[0016] FIGS. 1 A and IB illustrate conventional flex BGA packages. 

[0017] FIG. 2A shows a top view of a stiffener. 

[0018] FIG. 2B shows a temperature distribution for a stiffener during operation 

of an IC device in a flex BGA package. 
[0019] FIG. 3 shows a cross-sectional view of a die-up BGA package. 

[0020] FIG. 4 illustrates a cross-sectional view of a die-up BGA package with 

thermal connector. 

[0021] FIG. 5 shows a cross-sectional view of a BGA package with two 

substrates and a thermal connector, according to an embodiment of the present 
invention. 

[0022] FIG. 6 illustrates a top view of a BGA package substrate with exemplary 

wire bond openings, according to an embodiment of the present invention. 
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[0023] FIG. 7 illustrates a top view of a BGA package substrate with exemplary 

wire bond openings and a central opening, according to an embodiment of the 
present invention. 

[0024] FIG. 8 shows a cross-sectional view of a BGA package with two 

substrates, according to an embodiment of the present invention. 

[0025] FIGS. 9 and 10 illustrate top views of die-up tape BGA packages with 

exemplary wire bond attachments, according to embodiments of the present 
invention. 

[0026] FIG. 11 shows an exemplary thermal connector, according to an 

embodiment of the present invention. 
[0027] FIG. 12 shows a cross-sectional view of a BGA package with two 

substrates, according to an embodiment of the present invention. 
[0028] FIGS. 13 and 14 show bottom views of exemplary BGA packages, 

according to embodiments of the present invention. 
[0029] FIG. 15A shows a top view of a BGA package with electronic devices 

attached to the second substrate, according to an embodiment of the present 

invention. 

[0030] FIG. 1 5B shows a cross-sectional view of the BGA package of FIG. 1 5 A, 

according to an embodiment of the present invention. 
[0031] FIG. 16 shows an exemplary arrangement for centrally located vias in a 

first substrate, according to an embodiment of the present invention. 
[0032] FIG. 17 shows a cross-sectional view of a substrate/stiffener/substrate 

strip, according to an exemplary embodiment of the present invention. 
[0033] FIGS. 18A-E show views of exemplary stiffener strips at various stages 

of assembly, according to embodiments of the present invention. 
[0034] FIGS. 19A-F show views of exemplary substrate strips at various stages 

of assembly, according to embodiments of the present invention. 
[0035] FIGS. 20A-M show flowcharts providing operational steps for assembling 

one or more embodiments of the present invention. 
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[0036] FIGS . 2 1 A-G show flowcharts providing operational steps for assembling 

one or more embodiments of the present invention. 

[0037] The present invention will now be described with reference to the 

accompanying drawings. In the drawings, like reference numbers indicate 
identical or functionally similar elements. Additionally, the left-most digit(s) of 
a reference number identifies the drawing in which the reference number first 
appears. 

DETAILED DESCRIPTION OF THE INVENTION 
1 .0 Overview 

[0038] The present invention is directed to a method and system for improving 

the mechanical, thermal, and electrical performance of BGA packages. The 
present invention is applicable to BGA packages with all types of substrates, 
including ceramic, plastic, and tape (flex) BGA packages. Furthermore the 
present invention is applicable to die-up (cavity-up) and die-down (cavity-down) 
orientations. 

[0039] Numerous embodiments of the present invention are presented herein. In 

a first embodiment, a first substrate and second substrate are present in a BGA 
package. The first substrate is attached to the bottom surface of the package 
stiffener, and has solder balls attached to its bottom surface. The second substrate 
is attached to the top surface of the package stiffener. An IC die can be attached 
to the second substrate, or to the package stiffener through an opening in the 
second substrate. In a second embodiment, an electrical device in addition to the 
package IC die is present in a BGA package. The electrical device is attached to 
the top surface of the second substrate. Additionally, embodiments for 
assembling the first and second substrates, the package stiffener, and one or more 
BGA packages with two substrates are described herein. 
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[0040] In the embodiments presented herein, BGA package mechanical and 

electrical performances are improved. Having a second substrate located in a 
BGA package provides for additional package routing capacity. Hence, larger 
sized IC dies with higher input and output (I/O) counts can be packaged in the 
same size package. Furthermore, the additional routing capacity allows for 
additional electrical devices to be present in the BGA package. For example, one 
or more resistors, capacitors, inductors, diodes, and additional IC dies may be 
attached to the second substrate in the BGA package, further improving the 
electrical performance of the BGA package. 

[0041] Furthermore, by attaching substrates to both sides of the package stiffener, 

the mechanical performance of the BGA package is improved. In such an 
arrangement, the substrate/stiffener/substrate combination is more symmetrical 
than a conventional substrate/stiffener configuration. This aids in balancing 
package thermal stress, and relieves resulting strains at the interfaces between the 
substrates and the stiffener. This is because a conventional die-down BGA 
package may be considered to be similar to a "bi-metal" system. When 
temperature rises, the substrate/stiffener combination bends in a direction of the 
material with lower value of CTE; i.e., towards the stiffener. When temperature 
is lowered, the substrate/stiffener combination bends in a direction of the material 
with higher value of CTE; i.e., towards the substrate. The present invention 
described herein substantially forms a "tri-metal" system, with the stiffener 
sandwiched between two substrates. Preferably, the package substrates are 
manufactured from the same material. In such an system, the 
substrate/stiffener/substrate combination will not bend significantly with a change 
of temperature. This is because with temperature changes, both substrates will 
bend towards or away from the stiffener, essentially canceling each other's 
bending motion. 

[0042] This is particularly important during the substrate-to-stiffener lamination 

process. Thermal-set epoxies are commonly used for flex tape substrate 
lamination. The temperature used during the tape substrate attachment process 
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ranges from 125°C to 150°C depending on the adhesive material used. After a 
flex tape substrate is laminated to a metal stiffener strip, thermal stress is created 
on the stiffener surface when the metal stiffener strip is cooled to room 
temperature. This thermal stress may lead to warpage of the metal stiffener strip. 
However, when flex tape substrates are laminated to both sides of the stiffener 
strip, the warpage of the stiffener due to the CTE mismatch is minimized. 
Manufacturing yields and reliability in application environments are thus 
improved. 

[0043] Either or both package substrates may have one, two, or more routing 

layers, further improving routing capacity. For example, a multi-layer flex tape 
substrate may be laminated to the top surface of the stiffener, while a single layer 
flex tape substrate may be laminated to the bottom surface of the stiffener. 

[0044] Improved power/ground connections can be made through the use of the 

package stiffener as a power or ground plane. Power or ground wire bonds may 
be coupled between the IC die (and any further electrical devices in the BGA 
package), and the stiffener power or ground plane. The stiffener power or ground 
plane may be connected to PCB power or ground potentials using thermal/ground 
solder balls and/or a thermal connector (also known as a heat slug) under the 
BGA package. Various package inductances are reduced by the improved routing 
and stiffener power/ground plane performance. Additional advantages may also 
be realized. 

[0045] Ball grid array package types are described in section 2.0 below. Further 

detail on the above described embodiments, and additional embodiments 
according to the present invention, are presented thereafter in section 3.0. The 
embodiments described herein may be combined in any applicable manner, as 
required by a particular application. 
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[0046] 2.0 Ball Grid Array (BGA) Package 

[0047] A ball grid array (BGA) package is used to package and interface an IC 

die with a printed circuit board (PCB). BGA packages may be used with any type 
of IC die, and are particularly useful for high speed ICs. In a BGA package, 
solder pads do not just surround the package periphery, as in chip carrier type 
packages, but cover the entire bottom package surface in an array configuration. 
BGA packages are also referred to as pad array carrier (PAC), pad array, land grid 
array, and pad-grid array packages. BGA packages types are further described in 
the following paragraphs. For additional description on BGA packages, refer to 
Lau, J. H., Ball Grid Array Technology, McGraw-Hill, New York, (1 995), which 
is herein incorporated by reference in its entirety. 

[0048] Die-up and die-down BGA package configurations exist. In die-up BGA 

packages, the IC die is mounted on a top surface of the substrate or stiffener, in 
a direction away from the PCB. In die-down BGA packages, the IC die is 
mounted on a bottom surface of the substrate or stiffener, in a direction towards 
the PCB. 

[0049] A number of BGA package substrate types exist, including ceramic, 

plastic (PBGA), and tape (also known as "flex"). FIG. 1A illustrates a 
conventional flex BGA package 100. BGA package 100 includes an IC die 102, 
a tape substrate 1 04, a plurality of solder balls 1 06, and one or more wire bonds 
108. Tape or flex BGA packages are particularly appropriate for large IC dies 
with large numbers of input and outputs, such as application specific integrated 
circuits (ASIC) and microprocessors. 

[0050] Tape substrate 1 04 is generally made from one or more conductive layers 

bonded with a dielectric material. For instance, the dielectric material may be 
made from various substances, such as polyimide tape. The conductive layers are 
typically made from a metal, or combination of metals, such as copper and 
aluminum. Trace or routing patterns are made in the conductive layer material. 
Substrate 1 04 may be a single-layer tape, a two-layer tape, or additional layer tape 
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substrate type. In a two-layer tape, the metal layers sandwich the dielectric layer, 
such as in a copper-Upilex-copper arrangement. One or both sides of substrate 
104 may be coated with a solder mask, leaving certain designated bond 
fingers/traces/solder pads exposed. 
[0051] IC die 102 is attached directly to substrate 104, for example, by an epoxy. 

IC die 102 is any type of semiconductor integrated circuit, separated from a 
semiconductor wafer. 

[0052] One or more wire bonds 108 connect corresponding bond pads/pins 118 

on IC die 102 to contact points 120 on substrate 104. 

[0053] An encapsulant 116, such as a mold compound or epoxy, covers IC die 

102 and wire bonds 108 for mechanical and environmental protection. 

[0054] As shown in FIG. 1 A, flex BGA package 1 00 does not include a stiffener. 

In some BGA package types, particularly in flex BGA packages, a stiffener can 
be attached to the substrate to add planarity and rigidity to the package. FIG. IB 
illustrates a flex BGA package 110, similar to flex BGA package 100, that 
incorporates a stiffener 1 12. Stiffener 1 12 may be laminated to substrate 104. 
Stiffener 1 12 is typically made from a metal, or combination of metals, such as 
copper, tin, and aluminum, or may be made from a polymer, for example. 
Stiffener 1 12 also may act as a heat sink, and allow for greater heat spreading in 
BGA package 110. One or more openings 1 14 in stiffener 1 12 may be used to 
allow for wire bonds 108 to connect IC die 102 to substrate 104. Stiffener 1 12 
may be configured in other ways, and have different opening arrangements than 
shown in FIG. IB. 

[0055] The use of a stiffener in a flex BGA package requires additional 

considerations when attempting to manage heat spreading. FIG. 2A shows a top 
view of a stiffener 1 1 2. Stiffener 1 1 2 includes an opening 1 1 4 adjacent to all four 
sides of an IC die mounting position 202 in the center of stiffener 112. FIG. 2B 
shows a temperature distribution 204 of a stiffener, such as stiffener 1 12, during 
operation of an IC die in a flex BGA package. Temperature distribution 204 
shows that heat transfer from IC die mounting position 202 to the edges of 
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stiffener 112 is substantially limited by openings 114. Openings 114 act as 
thermal barriers to heat spreading in stiffener 112. 

[0056] As described above, a BGA package includes an array of solder balls 

located on a bottom external surface of the package substrate. FIG. 1 3 illustrates 
an exemplary solder ball arrangement for die-up BGA packages, such as flex 
BGA packages 1 00 and 110. As shown in FIG. 1 3, a bottom surface of substrate 
104 is covered with an array of solder balls 106. Each of solder balls 106 is 
attached to a solder ball pad (not shown) on the bottom surface of substrate 104. 
Wire bonds coupled to an IC die in the BGA package are electrically connected 
to solder balls 106 underneath substrate 104 through corresponding vias and 
routing in substrate 104. The vias in substrate 104 can be filled with a conductive 
material, such as solder, to allow for these connections. Solder balls 1 06 are used 
to attach the BGA package to a PCB. 

[0057] Note that although wire bonds, such as wire bonds 108, are shown and 

described herein, IC dies may be mounted and coupled to a substrate with solder 
balls located on the bottom surface of the IC die, by a process commonly referred 
to as "C4" or "flip chip" packaging. 

[0058] As shown in FIG. 13, solder balls 1 06 may be arranged in an array. FIG. 

13 shows a 12 by 12 array of solder balls on the bottom surface of substrate 104. 
Other sized arrays of solder balls are also applicable to the present invention. 
Solder balls 1 06 may be reflowed to attach the BGA package to a PCB. The PCB 
may include contact pads to which solder balls 106 are bonded. PCB contact 
pads are generally made from a metal or combination of metals, such as copper, 
nickel, tin, and gold. 

[0059] The BGA package stiffener/heat spreader may be used as a ground or 

power plane for the BGA package. FIG. 3 shows a cross-sectional view of a 
BGA package 300, according to an embodiment of the present invention. 
Stiffener 1 12 in BGA package 300 is configured to operate as a ground plane for 
BGA package 300. As shown in FIG. 3, one or more centrally located vias 302 
in substrate 104 couple stiffener 1 12 to thermal solder balls 304 attached to the 

SKGF Ref. No. 1 875. 1730000/BP 1977 



-12- 



bottom surface of substrate 104. One or more of thermal solder balls 304 attach 
to a ground potential in a PCB when BGA package 300 is mounted on the PCB. 
One or more pins of IC die 102 may be coupled to stiffener 112. As shown in 
FIG. 3, ground wire bonds 306 couple ground pads 308 on IC die 102 to stiffener 
112. 

[0060] Furthermore, one or more layers of substrate 104 may act as ground or 

power planes for the BGA package. For example, as shown in FIG. 3, one or 
more vias 310 in substrate 104 couple a lower substrate layer 312 to 
corresponding power pins 314 of IC die 102 through power wire bonds 316 in 
BGA package 300. Substrate layer 312 functions as a power plane for BGA 
package 300. 

[0061] Direct electrical and thermal connection from BGA package ground to a 

PCB ground plane is also possible by attaching a heat spreader/heat slug between 
the stiffener and PCB. FIG. 4 illustrates a cross-sectional view of a die-up BGA 
package 400 with heat spreader/heat slug attached, according to an embodiment 
of the present invention. As shown in FIG. 4, a ground/thermal connector 404 is 
coupled in BGA package 400. A portion of the bottom surface of stiffener 1 12 
is exposed through a centrally located opening 402 of substrate 104. 
Ground/thermal connector 404 is coupled to the exposed bottom surface portion 
of stiffener 112. 

[0062] FIG. 11 shows a perspective view of an example ground/thermal 

connector 404, according to an embodiment of the present invention. A top 
surface 1 102 and a bottom surface 408 of ground/thermal connector 404 shown 
in FIG. 1 1 are substantially rectangular in shape. Ground/thermal connector 404 
may be configured in other shapes, such as where top surface 1 102 and bottom 
surface 408 are elliptical, round, or other shape. 

[0063] The material used for ground/thermal connector 404 may be one or more 

metals such as copper, aluminum, or the like, or combinations and alloys thereof, 
for example. Ground/thermal connector 404 may be machined, molded, or 
otherwise manufactured from these materials. Ground/thermal connector 404 can 
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be made from the same material as stiffener 112, or different material. 
Ground/thermal connector 404 may be laminated or otherwise attached to the 
exposed portion of stiffener 1 12 using an adhesive material 406, such as a solder 
or a silver-filled or other thermally conductive epoxy . Bottom surface 408 and/or 
top surface 1 1 02 of ground/thermal connector 404 may be plated with solder, 
silver, nickel, or other metal(s) and alloy(s) to facilitate its surface mount to 
soldering pads on the PCB and its attachment to stiffener 112. Metal pads on the 
PCB may be connected to a PCB ground plane to shorten the length of electrical 
current return paths, as well as enhance the conductive heat dissipation path from 
IC die 102 to the PCB. 

[0064] FIG. 14 illustrates a view of an example bottom surface of die-up BGA 

package 400, with solder balls 106 arranged around ground/thermal connector 
404 on the bottom surface of substrate 104. 

[0065] The present invention is applicable to improving thermal and electrical 

performance in the BGA package types described herein, and further BGA 
package and other IC package types. 

3.0 BGA Embodiments According to the Present Invention 

[0066] Further details of structural and operational implementations of ball grid 

array packages of the present invention are described in the following sections, 
along with processes for assembling the ball grid array packages. These 
implementations and processes are described herein for illustrative purposes, and 
are not limiting. For instance, the present invention as described herein can be 
implemented in both die-up and die-down BGA package types, as well as other 
IC package types. Furthermore, each of the embodiments presented below are 
applicable to tape substrate BGA packages, plastic substrate BGA packages, and 
ceramic substrate BGA packages. The description below is adaptable to these 
and other package types, as would be understood to persons skilled in the relevant 
art(s) from the teachings herein. For instance, in plastic substrate BGA packages, 
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and some tape BGA packages, a stiffener may not be required in the BGA 
package. 

[0067] Features of each of the embodiments presented below may be 

incorporated into BGA packages independently, or may be combined in any 
manner, as would be apparent to persons skilled in the relevant art(s) from the 
teachings herein. 

3.1 BGA Embodiments with Two Substrates 

[0068] According to embodiments of the present invention, a BGA package 

includes two package substrates. A package substrate is attached to both the top 
and bottom surfaces of the package stiffener. The presence of two package 
substrates provides the BGA package with greater routing capability, greater 
package I/O capacity, and improved thermal stress relief, among other 
advantages. 

[0069] FIG. 5 illustrates a cross-sectional view of a die-up BGA package 500, 

according to an embodiment of the present invention. BGA package 500 includes 
IC die 102, first substrate 104, plurality of solder balls 106, one or more wire 
bonds 108, stiffener 112, encapsulant 116, thermal/ground connector 404, 
adhesive or solder material 406, and a second substrate 502. Refer to the 
discussion above related to FIGS. 1 A, IB, 3, and 4 for additional detail on the 
structure and operation of some of these elements. 

[0070] As shown in FIG. 5, a top surface of first substrate 104 is attached to a 

bottom first surface of stiffener 1 1 2, and a bottom surface of second substrate 502 
is attached to a top second surface of stiffener 112. The addition of second 
substrate 502 to a BGA package allows for numerous advantages described 
herein. 

[0071] Second substrate 502 may be produced in a similar fashion as first 

substrate 1 04. When first and second substrates 1 04 and 502 are tape substrates, 
second substrate 502 may be made from one or more conductive layers bonded 
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with a dielectric material. For instance, the dielectric material may be made from 
various substances, such as polyimide tape. The conductive layers are typically 
made from a metal, or combination of metals, such as copper and aluminum. 
Trace or routing patterns are made in the conductive layer material. Substrate 502 
may be a single-layer tape, a two-layer tape, or additional layer tape substrate 
type. In a two-layer tape, the metal layers sandwich the dielectric layer, such as 
in a copper-Upilex-copper arrangement. In alternative embodiments, first and/or 
second substrates 104 and 502 may be plastic or ceramic substrates. Further 
details on forming tape substrate versions of first and second substrates 104 and 
502 are provided in section 3.3 below. 

[0072] Stiffener 1 1 2 provides stiffness to BGA package 500. Stiffener 1 1 2 may 

also operate as a ground or power plane, and may provide enhanced thermal 
spreading for the BGA package, as described in section 2.0 above. 

[0073] FIG. 7 illustrates a top view of second substrate 502 that has exemplary 

wire bond openings 508 and a centrally located opening 504, according to an 
embodiment of the present invention. IC die 102 may attach to stiffener 112 
through centrally located opening 504. A portion of the top surface of stiffener 
1 12 may be plated with a centrally located die-attach pad 506 for attachment of 
IC die 102. 

[0074] Centrally located opening 504 may be formed in any shape. Centrally 

located opening 504 may be sized to conform closely to IC die 102, such that 
there is no substantial gap between the edges of centrally located opening 504 and 
the outer edges of IC die 102. Alternatively, centrally located opening 504 can 
be sized so that a gap exists between the edges of centrally located opening 504 
and one or more edges of IC die 102. In such an configuration, a portion of the 
top surface of stiffener 1 12 is exposed between IC die 102 and second substrate 
502. 

[0075] Wire bond openings 508 in second substrate 502 allow for wire bonds to 

pass through second substrate 502. For illustrative purposes, wire bond openings 
508 are shown in FIG. 7 as having a substantially rectangular shape. Wire bond 
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openings 508 may have any shape that allows wire bonds to pass through, as 
would be understood by persons skilled in the relevant art(s) from the teachings 
herein. For example, wire bond openings 508 may be circular, elliptical, 
rectangular, or any other polygon or shape. Furthermore, any number of one or 
more wire bond openings 508 may be present in second substrate 502, as required 
by the particular application. 
[0076] In alternative embodiments, second substrate 502 may not include a 

centrally located opening 504. FIG. 6 illustrates a top view of a second substrate 
502 that does not include a centrally located opening, according to an 
embodiment of the present invention. FIG. 12 shows a cross-sectional view of 
a BGA package 1200 that includes second substrate 502 as shown in FIG. 6, 
according to an embodiment of the present invention. In FIG. 12, IC die 102 is 
attached to the top surface of second substrate 502. A centrally located portion 
of the top surface of second substrate 502 may have a die attach pad plated or 
otherwise formed thereon, to enhance the attachment of IC die 102 to second 
substrate 502. Note that attachment of IC die 102 to stiffener 1 12 rather than to 
second substrate 502 may allow for greater thermal transfer from IC die 102 to 
stiffener 112. 

[0077] A BGA package having two substrates may be further enhanced for 

improved thermal and electrical coupling with the PCB, according to the present 
invention. For example, stiffener 112 may be coupled more directly to a PCB 
through the use of a ground/thermal connector and/or additional conductive vias. 
These configurations are described as follows. 

[0078] As shown in FIG. 5, ground/thermal connector 404 is coupled to a portion 

of the bottom surface of stiffener 1 12 by adhesive or solder material 406 through 
centrally located opening 402. As described above, bottom surface 408 of 
ground/thermal connector 404 may be plated with solder, silver, or other 
materials to facilitate surface mount to soldering pads on a PCB. When mounted 
to the PCB, ground/thermal connector 404 may operate as a ground or power 
connection between stiffener 112 and PCB ground or power signals. When 
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ground/thermal connector 404 operates as a ground or power connection, it 
shortens the length of electrical current return paths. 
[0079] Ground/thermal connector 404 also enhances the conductive heat 

dissipation path from IC die 102 to the PCB. Stiffener 1 12 is a relatively good 
conductor of heat. However, first substrate 104 is relatively inefficient at 
conducting heat, and effectively forms a thermal barrier between IC die 102 and 
the PCB. When ground/thermal connector 404 is not present, heat must conduct 
from IC die 102 through stiffener 1 12, first substrate 104, and solder balls 106 to 
the PCB. When ground/thermal connector 404 is present, heat may conduct 
relatively more efficiently through stiffener 112 and ground/thermal connector 
404 to the PCB. 

[0080] In an alternative embodiment, thermal vias may be present in first 

substrate 104 to perform the functions of thermal and electrical coupling to a 
PCB. FIG. 8 shows a cross-sectional view of a BGA package 800 that has two 
substrates, according to an embodiment of the present invention. As shown in 
FIG. 8, one or more centrally located vias 302 in first substrate 104 may be used 
to couple stiffener 112 to a PCB through thermal solder balls 304. This 
configuration of BGA package 800 is similar to the configuration of BGA 
package 300 described above and shown in FIG. 3. FIG. 16 shows an exemplary 
arrangement for centrally located vias 302 in first substrate 104, according to an 
embodiment of the present invention (other features and vias of first substrate 1 04 
are not shown in FIG. 16). As shown in FIG. 16, centrally located vias 302 are 
located in first substrate 104 within an outer profile 1602 of IC die 102. Outer 
profile 1 602 is an outer profile of a region underneath IC die 1 02 that exists when 
IC die 102 is mounted to top of the BGA package. Centrally located vias 302 
may be conductively filled (e.g., with solder) to enhance their connectivity. Note 
that centrally located vias 302 may be arranged differently than shown in FIG. 16, 
and more or fewer centrally located vias 302 may be present in first substrate 1 04. 
Vias 302 may also be located in first substrate 1 04 overlapping or outside of outer 
profile 1602. 
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[0081] In an embodiment, centrally located vias 302 in substrate 104 couple 

stiffener 1 12 to thermal solder balls 304 attached to the bottom surface of first 
substrate 104. Thermal solder balls 304 are attached to solder ball pads exposed 
through a solder mask on the bottom surface of first substrate 104. Centrally 
located vias 302 are coupled directly to, or through traces on the bottom surface 
of first substrate 104, to the solder ball pads. 

[0082] Furthermore, as shown in FIG. 12, when IC die 1 02 is coupled to the top 

surface of second substrate 502, one or more centrally located vias 1202 may be 
located in second substrate 502 to provide improved thermal coupling between 
IC die 102 and stiffener 1 12. 

[0083] Embodiments of the present invention allow for a variety of substrate 

routing schemes and wire bond connections to be present in a BGA package. 
These routing schemes and wire bond connections at least allow for: (i) signals 
of IC die 102 to interface with signals of the PCB; (ii) signals of IC die 102 to 
interface with any additional electronic devices present in the BGA package (such 
as those described below in section 3.2); (iii) signals of any additional electronic 
devices in the BGA package (if present) to interface with signals of the PCB; and 
(iv) allow for enhanced connectivity to a stiffener power or ground plane. 

[0084] Many wire bond connections are possible. For example, wire bonds may 

couple signal pins of IC die 102 to stiffener 1 12, to bond fingers/traces/surface 
pads of first substrate 104, and/or to bond fingers/traces/surface pads of second 
substrate 502. Wire bonds may also couple stiffener 112 to bond 
fingers/traces/surface pads of first substrate 104 and/or to bond 
fingers/traces/surface pads of second substrate 502. Wire bonds may additionally 
couple bond fingers/traces/surface pads of first substrate 104 to bond 
fingers/traces/surface pads of second substrate 502. Some examples of these 
types of wire bond connections are described below. 

[0085] Wire bonds and trace/routing patterns in first and second substrates 104 

and 502 allow signals in IC die 102 to be coupled eventually to solder balls 106 
on the bottom surface of first substrate 104. Wire bonds may couple pins on IC 
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die 102 to bond fingers/traces/surface pads of first substrate 104. For example, 
as shown in FIG. 5, wire bonds 1 08 are coupled between IC die 1 02 and a surface 
of first substrate 1 04 through wire bond openings 508 and stiffener openings 1 14. 

[0086] As shown in FIG. 8, signal bond fingers/traces/surface pads of second 

substrate 502 may be coupled to bond fingers/traces/surface pads of first substrate 
1 04. For example, wire bonds 806 couple between the top surface of second 
substrate 502 and traces (not shown) on a first surface portion 818, a second 
surface portion 820, and a third surface portion 822 of the top surface of first 
substrate 104. Wire bonds 806 also extend through openings 508 and 1 14. Also 
as shown in FIG. 8 one or more vias 816 in first substrate 104 couple traces on 
the top surface of first substrate 104 through first substrate 104 to traces and 
solder balls 106 on the bottom surface of first substrate 104. 

[0087] Wire bonds may couple pads on IC die 1 02 to bond fingers/traces/surface 

pads of second substrate 502, and to stiffener 112. For example, as shown in FIG. 
8, wire bond 802 couples IC die pad 804 to a trace (not shown) on the top surface 
of second substrate 502. Furthermore, wire bond 306 couples IC die pad 308 to 
stiffener surface portion 826 on the top surface of stiffener 112. Stiffener 1 12 
may be have one or more metal plated (e.g., gold, silver, etc.) pads on its surface 
to enhance attachment of wire bonds. 

[0088] Wire bonds may also couple bond fingers/traces/surface pads of second 

substrate 502 to stiffener 112. For example, as shown in FIG. 8, wire bond 808 
couples a trace (not shown) on the top surface of second substrate 502 to a trace 
(not shown) on stiffener surface portion 824 on the top surface of stiffener 1 12 
Second substrate 502 has a second substrate edge 8 1 0 formed to exposed stiffener 
surface portion 824. 

[0089] FIGS. 9 and 1 0 illustrate example wire bond attachments from a top view 

perspective for die-up BGA packages having two substrates. FIG. 9 illustrates a 
die-up BGA package 900 with IC die 102 attached to the top surface of second 
substrate 502. FIG. 10 illustrates a die-up BGA package 1000 with IC die 102 
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attached to the top surface of stiffener 1 12 through centrally located opening 504 
in second substrate 502. 

[0090] As shown for BGA package 1000 in FIG. 10, second substrate 502 

includes centrally located opening 504 and a fifth, a sixth, a seventh, and an 
eighth opening 508e, 508f, 508g, and 508h. These openings expose portions of 
the top surface of stiffener 112. Centrally located opening 504 exposes a stiffener 
surface portion 1044. Fifth opening 508e exposes a stiffener surface portion 
1046. Sixth opening 508f exposes a stiffener surface portion 1048. Each of these 
openings are formed to allow one or more wire bonds to attach to the exposed 
portion of stiffener 1 12 through the respective opening. Stiffener 1 12 may have 
contact pads formed or plated thereon (not shown in FIGS. 9 and 10) to enhance 
attachment of wire bonds. 

[0091] As shown in FIG. 10, a wire bond 1002 couples a first I/O pad 1020 on 

IC die 102 to stiffener surface portion 1044 through centrally located opening 
504. A wire bond 1004 couples a second I/O pad 1022 on IC die 102 to stiffener 
surface portion 1046 through fifth opening 508e. A wire bond 1006 couples a 
trace (not shown) on the top surface of second substrate 502 to stiffener surface 
portion 1044 through centrally located opening 504. A wire bond 1008 couples 
a trace (not shown) on the top surface of second substrate 502 to stiffener surface 
portion 1048 through sixth opening 508f. 

[0092] In embodiments, second substrate 502 may have at least one edge formed 

to expose a portion of the top surface of stiffener 112. As shown in FIG. 10, 
second substrate 502 includes a first edge 1028 and a second edge 1030 that 
expose portions of the top surface of stiffener 112. First edge 1028 exposes a 
stiffener surface portion 1050. Second edge 1030 exposes a stiffener surface 
portion 1052. First and second edges 1028 and 1030 are formed to allow one or 
more wire bonds to attach to the exposed portions of stiffener 112. The wire 
bonds may attach stiffener 1 1 2 to any one or more of IC die 1 02, traces on the top 
surface of first substrate 104, and/or traces on the top surface of second substrate 
502. For example, FIG. 10 shows a wire bond 1010 that couples a trace (not 
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shown) on the top surface of second substrate 502 to stiffener surface portion 
1052. 

In embodiments, second substrate 502 and stiffener 112 may have one or 
more overlapping openings that expose a portion of the top surface of first 
substrate 104. As shown in FIG. 9, second substrate 502 of BGA package 900 
includes a first, a second, a third, and a fourth opening 508a, 508b, 508c, and 
508d. First opening 508a and an overlapping opening in stiffener 112 expose a 
first substrate surface portion 926. Second opening 508b and an overlapping 
opening in stiffener 112 expose a first substrate surface portion 928. Third 
opening 508c and an overlapping opening in stiffener 112 expose a first substrate 
surface portion 930. Fourth opening 508d and an overlapping opening in stiffener 
1 12 expose a first substrate surface portion 932. 

Wire bonds may attach to the exposed portions of first substrate 104. For 
example, as shown in FIG. 9, a wire bond 902 couples a first I/O pad 916 on IC 
die 102 to a trace (not shown) on first substrate surface portion 926 through first 
opening 508a and the corresponding opening in stiffener 112. A wire bond 904 
couples a second I/O pad 9 1 8 on IC die 1 02 to first substrate surface portion 926 
through first opening 508a and the corresponding opening in stiffener 1 12. A 
wire bond 906 couples a third I/O pad 920 on IC die 102 to first substrate surface 
portion 928 through second opening 508b and the corresponding opening in 
stiffener 1 12. A wire bond 908 couples a trace (not shown) on second substrate 
502 to a trace (not shown) on first substrate surface portion 928 through second 
opening 508b and the corresponding opening in stiffener 1 12. 

As shown in FIG. 1 0, second substrate 502 includes seventh opening 508g 
and eighth opening 508h that overlap with openings in stiffener 1 12 to expose 
portions of the top surface of first substrate 104. Seventh opening 508g and an 
overlapping opening in stiffener 1 1 2 expose a first substrate surface portion 1 036. 
Eighth opening 508h and an overlapping opening in stiffener 112 expose a first 
substrate surface portion 1038. Each of these openings are formed to allow one 
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or more wire bonds to attach to the exposed portion of first substrate 1 04 through 
the respective openings in second substrate 502 and stiffener 112. 

As shown in FIG. 10, a wire bond 1012 couples stiffener surface portion 
1044 to a trace (not shown) on first substrate surface portion 1036 through 
seventh opening 508g and a corresponding opening in stiffener 1 1 2. A wire bond 
1016 couples a trace (not shown) on the top surface of second substrate 502 to a 
trace (not shown) on first substrate surface portion 1038 through eighth opening 
508h and a corresponding opening in stiffener 112. 

In embodiments, second substrate 502 and stiffener 1 1 2 have one or more 
edges formed to expose a portion of the top surface of first substrate 104. As 
shown in FIG. 10, second substrate 502 includes a third edge 1032 and a fourth 
edge 1034 that expose portions of the top surface of first substrate 104. Third 
edge 1032 and an edge of stiffener 1 12 expose a first substrate surface portion 
1040. Fourth edge 1034 and an edge of stiffener 112 expose a first substrate 
surface portion 1042. These edges are formed to allow one or more wire bonds 
to attach to the exposed portions of first substrate 104. The wire bonds may 
attach traces on the exposed portions of first substrate 104 to IC die 102, traces 
on the top surface of second substrate 502, and/or to the top surface of stiffener 
1 12. For example, FIG. 10 shows a wire bond 1054 that couples a trace (not 
shown) on the top surface of second substrate 502 to a trace (not shown) on first 
substrate surface portion 1042. 

Additional wire bond arrangements are also applicable to the present 
invention. For example, as shown in FIG. 9, a wire bond 910 couples a fourth IC 
die I/O pad 922 to a trace (not shown) on the top surface of second substrate 504. 
A wire bond 914 couples a fifth IC die I/O pad 924 to a trace (not shown) on the 
top surface of second substrate 504. As shown in FIG. 9, wire bond 914 extends 
over fourth opening 508d in second substrate 502. As shown in FIG. 10, a wire 
bond 1014 couples a third IC die I/O pad 1024 to a trace (not shown) on the top 
surface of second substrate 504. A wire bond 1018 couples a fourth IC die I/O 
pad 1026 to a trace (not shown) on the top surface of second substrate 504. As 
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shown in FIG. 10, wire bond 1018 extends over eighth opening 508h in second 
substrate 502. 

[0099] FIG. 20A shows a flowchart 2000 providing operational steps for 

assembling one or more embodiments of the present invention. FIGS. 20B-L 
provide operational steps according to further embodiments. Optional steps 
according to the further embodiments are indicated by dotted lines. The steps of 
FIGS. 20A-L do not necessarily have to occur in the order shown, as will be 
apparent to persons skilled in the relevant art(s) based on the teachings herein. 
Other structural embodiments will be apparent to persons skilled in the relevant 
art(s) based on the following discussion. These steps are described in detail 
below. 

[0100] Flowchart 2000 begins with step 2002. In step 2002, a surface of a first 

substrate is attached to a first surface of a stiffener. For example, the first 
substrate is first substrate 104, and the stiffener is stiffener 112. First substrate 
104 may be laminated or otherwise attached to stiffener 112. 

[0101] In step 2004, a surface of a second substrate is attached to a second 

surface of the stiffener. For example, the second substrate is second substrate 
502, which is attached to stiffener 1 12. Second substrate 502 may be laminated 
or otherwise attached to stiffener 1 12. First and second substrates 104 and 502 
may be flex substrate types, or other substrate types suitable for a BGA package. 

[0102] FIG. 20B provides a flowchart 2046 with an additional optional step for 

flowchart 2000 of FIG. 20A, according to an embodiment of the present 
invention. In step 2006, an IC die is mounted to a second surface of the second 
substrate. For example, the IC die is IC die 102, mounted to the top surface of 
second substrate 502, as shown in FIG. 5. 

[0103] FIG. 20C provides an additional optional step for flowchart 2046 of FIG. 

20B, according to an embodiment of the present invention. In step 2008, the IC 
die is coupled to the second surface of the second substrate with at least one wire 
bond. For example, IC die 102 is coupled to a trace (not shown) on the top 
surface of second substrate 502 with wire bond 806, as shown in FIG. 8. 
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[0104] FIG. 20D provides additional optional steps for flowchart 2000 of FIG. 

20A: 

[0105] In an embodiment, flowchart 2000 further includes step 2010. In step 

20 1 0, a centrally located opening is formed in the second substrate. For example, 
the centrally located opening is centrally located opening 504 formed in second 
substrate 502, as shown in FIG. 5. 

[0106] In an embodiment, flowchart 2000 further includes step 2012. In step 

2012, an IC die is mounted to the second surface of the stiffener through the 
centrally located opening. For example, IC die 1 02 is mounted to the top surface 
of stiffener 112 through centrally located opening 504, as shown in FIG. 5. 

[0107] FIG. 20E provides additional optional steps for flowchart 2000 of FIG. 

20A: 

[0108] In an embodiment, flowchart 2000 further includes step 2014. In step 

2014, at least one via is formed through the first substrate. For example, the at 
least one via may be via 302 and/or via 3 1 0, as shown in FIG. 3, or any other via 
in first substrate 104. In an embodiment, step 2014 may include the step where 
the at least one via is positioned in a central region of the first substrate. For 
example, the at least one via is one or more vias 302 formed in first substrate 1 04, 
as shown in FIG. 8. In an embodiment, step 2014 may include the step where the 
at least one via is filled with a conductive material, such as a solder. 

[0109] In an embodiment, flowchart 2000 further includes step 2016. In step 

2016, a plurality of solder ball pads are formed on a second surface of the first 
substrate. For example, the plurality of solder balls pads are solder ball pads 
exposed on the bottom surface of first substrate 104 through a solder mask. 
Solder balls 302 are attached to the exposed solder ball pads. 

[0110] In an embodiment, flowchart 2000 further includes step 2018. In step 

2018, the stiffener is coupled to at least one of the plurality of solder ball pads 
with the at least one via. For example, stiffener 1 12 is coupled to the solder ball 
pads by one or more vias 302. 
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[0111] FIG. 20P provides additional optional steps for flowchart 2000 of FIG. 

20A: 

[0112] In an embodiment, flowchart 2000 further includes step 2020. In step 

2020, a centrally located opening is formed in the first substrate. For example, 
the centrally located opening is centrally located opening 402 that is formed in 
first substrate 104, as shown in FIG. 5. 

[0113] In an embodiment, flowchart 2000 further includes step 2022. In step 

2022, a thermal connector is mounted to the first surface of the stiffener through 
the centrally located opening. For example, the thermal connector is 
ground/thermal connector 404, which is mounted to the bottom surface of 
stiffener 1 12 through centrally located opening 402, as shown in FIG. 5. 

[0114] In an embodiment, flowchart 2000 further includes step 2024. In step 

2024, a surface of the thermal connector is configured to be coupled to a printed 
circuit board (PCB). For example, the surface is bottom surface 408 of 
ground/thermal connector 404. In an embodiment, bottom surface 408 may be 
plated with solder to facilitate surface mount to soldering pads on a PCB. 

[0115] FIG. 20G provides additional optional steps for flowchart 2000 of FIG. 

20A: 

[0116] In an embodiment, flowchart 2000 further includes step 2026. In step 

2026, the second substrate is formed to expose a portion of the second surface of 
the stiffener. For example, second substrate 502 may be formed to expose a 
portion of the top surface of stiffener 1 12. For example, second substrate 502 
may be formed to include one or more of centrally located opening 504, fifth and 
sixth openings 508e and 508f, and first and second edges 1028 and 1030, as 
shown in FIG. 10. Accordingly, the exposed portion may be one or more of 
stiffener surface portions 1044, 1046, 1048, 1050, and 1052. In an embodiment, 
step 2026 may include the step where at least one opening is formed in the second 
substrate. For example, the at least one opening in second substrate 504 may be 
one or more of centrally located opening 504, and fifth and sixth openings 508e 
and 508f. 
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[0117] In an embodiment, flowchart 2000 further includes step 2028. In step 

2028, at least one wire bond is coupled between an IC die and the exposed 
portion. For example, as shown in FIG. 10, the at least one wire bond may be 
wire bond 1002 coupled between IC die I/O pad 1020 and stiffener surface 
portion 1044, and/or wire bond 1004 coupled between IC die I/O pad 1022 and 
stiffener surface portion 1046. 

[01 18] In an embodiment, the at least one wire bond may be coupled between at 

least one trace on a second surface of the second substrate and the exposed 
portion. For example, the at least one wire bond may be wire bond 1006 coupled 
between a trace (not shown) on the top surface of second substrate 502 and first 
stiffener portion 1044, wire bond 1008 coupled between a trace (not shown) on 
the top surface of second substrate 502 and stiffener surface portion 1048, and/or 
wire bond 1010 coupled between a trace (not shown) on the top surface of second 
substrate 502 and stiffener surface portion 1052. 

[0119] FIG. 20H provides a flowchart 2050 with additional optional steps for 

flowchart 2000 of FIG. 20A: 

[0120] In an embodiment, flowchart 2000 further includes step 2030. In step 

2030, a first opening is formed in the second substrate. For example, the first 
opening may be one of centrally located opening 504, wire bond openings 508, 
or may be the opening in second substrate 502 formed by second substrate edge 
810, as shown in FIG. 8. 

[0121] In an embodiment, flowchart 2000 further includes step 2032. In step 

2032, a second opening is formed in the stiffener that substantially coincides with 
the first opening to expose a portion of the surface of the first substrate. For 
example, the second opening may be one of stiffener openings 1 14 in stiffener 
1 12, or the opening in stiffener 1 12 formed by a stiffener edge 812, as shown in 
FIG. 8. Accordingly, the exposed portion of the surface of the first substrate may 
be one of first substrate surface portions 818, 820, and 822, for example. 

[0122] FIG. 201 provides an additional optional step for flowchart 2050 of FIG. 

20H, according to an embodiment of the present invention. In step 2034, at least 
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one wire bond is coupled between an IC die and the exposed portion. For 
example, the at least one wire bond may be wire bond 108 coupled between IC 
die pin 118 and a trace (not shown) on first substrate surface portion 820, as 
shown in FIG. 8. 

[0123] FIG. 20J provides an additional optional step for flowchart 2050 of FIG. 

20H, according to an embodiment of the present invention. In step 2036, at least 
one wire bond is coupled between at least one trace on a second surface of the 
second substrate and the exposed portion. For example, the at least one wire 
bond may be one or more of wire bonds 806 coupled between a trace (not shown) 
on the top surface of second substrate 502 and traces (not shown) on first 
substrate surface portions 818, 820, and 822, as shown in FIG. 8. 

[0124] FIG. 20K provides additional optional steps for flowchart 2050 of FIG. 

20H: 

[0125] In an embodiment, flowchart 2050 further includes step 2038. In step 

2038, the second substrate is formed to expose a portion of the second surface of 
the stiffener. For example, second substrate 502 may be formed to expose 
stiffener portion 824 on the top surface of stiffener 1 12, as shown in FIG. 8. 

[0126] In an embodiment, flowchart 2050 further includes step 2040. In step 

2040, at least one wire bond is coupled between the exposed portion of the 
second surface of the stiffener and the exposed portion of the surface of the first 
substrate. For example, the at least one wire bond may be wire bond 1012 
coupled between stiffener surface portion 1044 and a trace (not shown) on first 
substrate surface portion 1036, as shown in FIG. 10. 

[0127] FIG. 20L provides additional optional steps for flowchart 2000 of FIG. 

20A: 

[0128] In an embodiment, flowchart 2000 further includes step 2042. In step 

2042, an array of solder ball pads are formed on a second surface of the first 
substrate. For example, the solder ball pads are formed in a bottom metal layer 
of first substrate 104, and are exposed through a solder mask. 
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[0129] In an embodiment, flowchart 2000 further includes step 2044. In step 

2044, a solder ball is attached to each of the exposed solder ball pads. For 
example, the solder balls are solder balls 106 arranged as shown in either of 
FIGS. Band 14. 

3.2 Two Substrate BGA Package Embodiments with Additional 
Electronic Devices 

[0130] According to an embodiment of the present invention, the electrical 

performance of a BGA package having two package substrates is improved by the 
attachment of one or more additional electronic devices to the top surface of the 
BGA package. In an example die-up BGA package of the present invention, an 
IC die is mounted to the top surface of the second package substrate. According 
to further embodiments of the present invention, additional electronic devices are 
attached to the top surface of the second substrate. This allows for enhanced 
electrical performance, by allowing electronic devices in addition to the IC die to 
be present in the BGA package. The electronic devices may be mounted closely 
to the IC die, and hence may have shorter signal communication paths with the 
IC die. Further benefits may be realized, as would be understood by persons 
skilled in the relevant art(s) from the teachings herein. 

[0131] Embodiments allowing the attachment of one or more electronic devices 

to the top surface of the BGA package with two substrates are adaptable to any 
BGA package type, including any of those described elsewhere herein. These 
BGA package types include tape, ceramic, and organic substrate BGA packages, 
and include die-up and die-down BGA package configurations. For exemplary 
purposes, the present invention is described below in relation to a die-up BGA 
package similar to BGA packages 500, 800, and 1200 respectively shown in 
FIGS. 5, 8 and 12, but the present invention is also applicable to other BGA 
package configurations described herein and elsewhere, as would be understood 
by persons skilled in the relevant art(s) from the teachings herein. 
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[0132] FIG. 1 5 A shows a top view of an example BGA package 1 500, according 

to an embodiment of the present invention. FIG. 1 5B shows a cross-sectional 
view of BGA package 1 500. BGA package 1 500 is configured similarly to BGA 
packages described above. As shown in FIG. 15 A, IC die 102 is attached to 
stiffener 1 12 through centrally located opening 504 in second substrate 502. One 
or more wire bonds 1502 are coupled between I/O pads 1504 of IC die 102 to 
stiffener 112 through a first opening 1 5 10 in second substrate 502. One or more 
wire bonds 1506 are coupled between I/O pads 1508 of IC die 102 to traces (not 
shown) on the top surface of first substrate 104 through a second opening 1512 
in second substrate 502 and a corresponding opening in stiffener 112. 

[0133] According to the present invention, electronic devices in addition to IC die 

102 may be attached/mounted to the top surface of substrate 502. As shown in 
FIG. 15 A, a first electronic device 1514, a second electronic device 1516, and a 
third electronic device 1518 are attached to the top surface of second substrate 
502, according to an example embodiment of the present invention. First, second, 
and third electronic devices 1514,1516, and 1518 may be any applicable type of 
electronic device that would be useful to include in an integrated circuit package, 
that meets applicable size constraints. 

[0134] For example, first, second, and third electronic devices 1514, 1516, and 

1518 may be passive or active components. For instance, one or more of first, 
second, and third electronic devices 1514, 1516, and 1518 may be any passive 
component type, including resistors, capacitors, and/or inductors. One or more 
of first, second, and third electronic devices 1 5 1 4, 1 5 1 6, and 1518 may be leaded 
and/or leadless devices. Furthermore, one or more of first, second, and third 
electronic devices 1514, 1516, and 1518 may be any active component type, 
including digital and analog IC dies. 

[0135] In the example of FIGS . 1 5 A-B, first electronic device 1 5 1 4 is shown as 

a second IC die. One or more wire bonds 1520 couple pins/pads 1522 of first 
electronic device 1514 to traces (not shown) on the top surface of second 
substrate 502. Wire bonds coupled to pins of first electronic device 1514 may 
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also be coupled to stiffener 1 12 through openings in second substrate 502, and 
may be coupled to traces on the top surface of first substrate 104 through 
openings in stiffener 1 1 2 and second substrate 502. First electronic device 1514 
may alternatively be mounted to second substrate 502 in a "flip chip" fashion. 
Second and third electronic devices 1516 and 1518 are shown in FIG. 15A as 
leadless passive components surface mounted to second substrate 502. The 
present invention is applicable to any number and combination of types of 
electronic devices being attached/mounted to the top surface of second substrate 
502. 

[0136] FIG. 20M provides an additional exemplary step for flowchart 2046 of 

FIG. 20B, for assembling an embodiment of the present invention. The steps of 
FIG. 20M do not necessarily have to occur in the order shown, as will be apparent 
to persons skilled in the relevant art(s) based on the teachings herein. Other 
structural embodiments will be apparent to persons skilled in the relevant art(s) 
based on the following discussion. 

[0137] In step 2048, an electronic device is mounted to a second surface of the 

second substrate. For example, as shown in FIGS. 1 5A-B, the electronic device 
may be one of first, second, and third electronic devices 1514, 1516, and 1518, 
that are mounted to the top surface of second substrate 502. The electronic device 
may be leaded or leadless. 

[0138] In an embodiment, step 2048 may include the step where the electronic 

device is an active device. For example, the electronic device may be an IC die 
that, includes analog circuits, digital circuits, or a combination thereof. As shown 
in FIG. 15 A, first electronic device 1514 is an IC die. 

[0139] In an embodiment, step 2048 may include the step where the electronic 

device is a passive device. For example, the electronic device may be any passive 
component type, including resistor, capacitor, diode, and inductor. As shown in 
FIG. 1 5 A, second and third electronic devices 1516 and 1 5 1 8 are leadless passive 
components. 
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3 .3 Process Flow Embodiments for Assembling Two Substrate BGA 
Packages 

[0140] In this section, embodiments for assembling BGA packages that have two 

substrates are provided. As described above, BGA packages with two substrates 
may be assembled individually. The embodiments described below provide 
processes for assembling BGA packages, and their sub-components, in quantities 
of one or greater. These implementations are described herein for illustrative 
purposes, and are not limiting. For instance, the present invention as described 
herein is applicable to assembling both die-up and die-down BGA package types, 
as well as other IC package types. Furthermore, each of the embodiments 
presented below are applicable to tape substrate BGA packages, plastic substrate 
BGA packages, and ceramic substrate BGA packages. The description below is 
adaptable to these and other package types, as would be understood to persons 
skilled in the relevant art(s) from the teachings herein. 

[0141] FIG. 21A shows a flowchart 2100 providing operational steps for 

assembling one or more embodiments of the present invention. FIGS. 21B-G 
provide operational steps according to further embodiments. Optional steps 
according to the further embodiments are indicated by dotted lines. The steps of 
FIGS. 21A-G do not necessarily have to occur in the order shown, as will be 
apparent to persons skilled in the relevant art(s) based on the teachings herein. 
Other structural embodiments will be apparent to persons skilled in the relevant 
art(s) based on the following discussion. These steps are described in detail 
below in relation to FIG. 17, which shows a cross-sectional view of a 
substrate/stiffener/substrate strip 1700, according to an exemplary embodiment 
of the present invention, and in relation to additional figures. 

[0142] Flowchart 2100 begins with step 2102. In step 2102, a stiffener strip is 

formed that includes a plurality of stiffeners. As shown in FIG. 17, 
substrate/stiffener/substrate strip 1700 includes a first substrate strip 1702, a 
stiffener strip 1704, and a second substrate strip 1706. The stiffener strip of step 
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2102 may be stiffener strip 1704. As shown in FIG. 17, stiffener strip 1704 
includes a first stiffener 1 12a, a second stiffener 1 12b, and may include one or 
more further stiffeners 112. Stiffeners 112 of stiffener strip 1704 may be 
arranged in a single row of stiffeners 1 12, or may be arranged in any number of 
multiple rows of stiffeners 112. 

[0143] In step 2104, a first substrate strip is formed that includes a plurality of 

first substrates. For example, the first substrate strip may be first substrate strip 
1702 shown in FIG. 17. First substrate strip 1702 includes a plurality of first 
substrates 104. For example, as shown in FIG. 17, first substrate strip 1702 
includes a first first substrate 1 04a, a second first substrate 1 04b, and may include 
one or more further first substrates 104. First substrates 104 of first substrate 
strip 1702 may be arranged in a single row of first substrates 104, or may be any 
number of multiple rows of first substrates 104. 

[0144] In step 2106, a second substrate strip is formed that includes a plurality 

of second substrates. For example, the second substrate strip may be second 
substrate strip 1706 shown in FIG. 17. Second substrate strip 1706 includes a 
plurality of second substrates 502. For example, as shown in FIG. 17, second 
substrate strip 1706 includes a first second substrate 502a, a second second 
substrate 502b, and may include one or more further second substrates 502. 
Second substrates 502 of second substrate strip 1706 may be arranged in a single 
row of second substrates 502, or may be any number of multiple rows of second 
substrates 502. 

[0145] In step 2108, the first substrate strip is laminated to a first surface of the 

stiffener strip. As shown in FIG. 17, first substrate strip 1702 is attached by an 
adhesive material 1708 to stiffener strip 1704. Adhesive material 1708 may be 
a laminate or other adhesive material. 

[0146] In step 2110, the second substrate strip is laminated to a second surface 

of the stiffener strip, whereby a substrate/stiffener/substrate strip combination is 
created. As shown in FIG. 17, second substrate strip 1706 is attached by an 
adhesive material 1710 to stiffener strip 1704. Adhesive material 1710 may be 
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a laminate or other adhesive material. In embodiments, first and second substrate 
strips 702 and 706 may be sequentially or simultaneously laminated to stiffener 
strip 704. For example, first and second substrate strips 702 and 706 may be 
laminated to stiffener strip 704 using a 2/3/4 roller method. Simultaneous 
lamination of the two substrates to the stiffener may act to balance thermal and 
mechanical stresses produced during the lamination process. In an embodiment, 
lamination of flex tape substrates may use adhesives with Tg between 40-50°C 
and high peel strength materials. 

[0147] As shown in FIG. 17, substrate/stiffener/substrate strip 1700 includes a 

plurality of joined substrate/stiffener/substrate combinations, including first and 
second substrate/stiffener/substrate combinations 1712 and 1714. First and 
second substrate/stiffener/substrate combinations 1712 and 1714 may form 
substantially complete BGA packages after separation. 

[01481 Stiffener strip 1704 may be formed in step 2102 according to materials 

and processes of the present invention. FIG. 21B provides exemplary steps for 
step 21 02, according to embodiments of the present invention. Any one or more 
of the steps shown in FIG. 21 B are applicable to forming stiffener strip 1704 
according to step 2102: 

[0149] In step 2 1 1 2, a metal sheet is panelized into a plurality of metal strips that 

include the stiffener strip. FIG. 18A illustrates an example stiffener strip 1704, 
according to an embodiment of the present invention. In an embodiment, 
stiffener strip 1704 is a metal strip that was panelized (i.e., delineated and 
separated) from a metal sheet, along with one or more further metal strips. 
Stiffener strip 1704 of FIG. 18A is a single row of stiffeners 112. Stiffener strip 
1704 may also include a double row of stiffeners 1 12, as shown in FIG. 18B, or 
may include further stiffener rows. For example, stiffener strip 1704 may be a 
metal strip having 4-6 units arranged in a row or in a matrix. Furthermore, 
stiffener strip 1 704 may be a metal strip formed from copper, aluminum, nickel, 
tin, or other metal, polymer, or alloy of metals. 
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[0150] In step 21 14, at least one opening is formed in each of the plurality of 

stiffeners in the stiffener strip. FIG. 18C shows stiffener strip 1704, with first 
stiffener 112a and second stiffener 112b, according to an embodiment of the 
present invention. First and second stiffeners 1 12a and 1 12b include openings 
1802, 1804, 1806, 1808, 1810, 1812, 1814, and 1816. Openings 1802, 1804, 
1 806, 1 808, 1 8 1 0, 1 8 1 2, 1 8 1 4, and 1 8 1 6 may be used to allow wire bonds to pass 
through and attach to the top surface of a first substrate 104 in a BGA package. 
In an embodiment, step 2114 may include the step of using an acid etching 
process to form the at least one opening. Openings in stiffener strip 1 704 may be 
formed by other processes, including using a metal punch, chemical etching, ion 
milling, and laser etching, for example. 

[0151] In step 21 16, at least one metal bond pad is plated on the second surface 

of each of the plurality of stiffeners in the stiffener strip. For example, FIG. 1 8D 
shows a top surface of stiffener strip 1704, with first stiffener 1 12a and second 
stiffener 112b, according to an embodiment of the present invention. First 
stiffener 1 12a includes a ground ring 1818, and second stiffener 1 12b includes a 
first, a second, a third, and a fourth metal bond pad 1 820, 1 822, 1 824, and 1 826. 
The at least one metal bond pad of step 2116 may be one or more of ground ring 
1818 and first, second, third, and fourth metal bond pads 1820, 1822, 1824, and 
1 826. The metal bond pads may be used to attach wire bonds to the top surface 
of a stiffener 1 12 in a BGA package. The metal bond pads may be silver, nickel, 
gold, or other metal or alloy. To further process the stiffener strip for attachment 
to the substrate strips, its surfaces may be treated with black/brown copper oxide. 
The finish of the stiffener strip surfaces may be smooth, rough, matte, velvet, or 
otherwise, which may aid in adhesion of the substrate strips to the stiffener strip. 

[0152] In step 2 1 1 8, a metal is plated onto a central region of the first surface of 

each of the plurality of stiffeners in the stiffener strip. For example, FIG. 1 8E 
shows a bottom surface of stiffener strip 1704, with first stiffener 112a and 
second stiffener 1 12b, according to an embodiment of the present invention. First 
and second stiffeners 1 1 2a and 1 1 2b respectively include a centrally located metal 
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pad 1828a and 1828b. Centrally located metal pads 1828a and 1828b may be 
used to attach ground/thermal connectors 404, as shown in FIG. 5, to the bottom 
surface of stiffeners 1 12 in BGA packages. The centrally located metal pads may 
be silver, nickel, gold, other metal, or combinations/alloys thereof. 

[0153] In step 2120, a thermal connector is mounted to the metal plated central 

region of each of the plurality of stiffeners through a central opening in each of 
the plurality of first substrates. For example, after step 2 1 08, when stiffener strip 
1704 and first substrate strip 1702 are attached, ground/thermal connectors 404 
may be mounted to centrally located metal pads 1 828a and 1 828b on the bottom 
surface of stiffeners 1 12a and 1 12b, through centrally located openings 402 in 
first substrate strip 1702. Alternatively, ground/thermal connectors 404 may be 
attached to stiffener strip 1704 prior to step 2108. 

[0154] First substrate strip 1702 may be formed in step 2104 according to 

materials and processes of the present invention. FIG. 21C provides exemplary 
steps for step 2 1 04, according to embodiments of the present invention. Any one 
or more of the steps shown in FIG. 21C are applicable to forming first substrate 
strip 1702: 

[0155] In step 2122, a tape sheet is panelized into a plurality of tape strips that 

include a first tape strip, wherein the first tape strip includes a plurality of tape 
sections, wherein the first tape strip corresponds to the first substrate strip, and 
the plurality of tape sections correspond to the plurality of first substrates. FIG. 
19A illustrates an example first tape strip 1904, according to embodiments of the 
present invention. In a tape substrate embodiment, first tape strip 1904 is a tape 
strip that was panelized from a tape sheet, along with one or more further tape 
strips. First tape strip 1904 as shown in FIG. 19A includes a single row of tape 
sections 1916. After further processing, such as that described below in relation 
to FIG. 2 1 C, the plurality of tape sections 1916 will be formed into first substrates 
104. (As described below, FIGS. 19A-D also apply to forming second 
substrate(s) 502). First tape strip 1 904 may also include a double row of first tape 
sections 1 9 1 6, as shown in FIG. 1 9B, or may include further first substrate rows. 
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First tape strip 1904 may be a dielectric material made from various substances, 
such as polyimide tape. 

[0156] In step 2124, at least one via is formed through each of the plurality of 

tape sections in the first tape strip. FIG. 19C shows an example arrangement of 
vias 1 902a and 1 902b respectively in tape sections 1 9 1 6a and 1 9 1 6b of first tape 
strip 1904, according to an embodiment of the present invention. The present 
invention is applicable to any arrangement of via locations, and any number of 
vias, in the tape sections of first tape strip 1904. 

[0157] In step 2126, trace patterns are formed on at least one surface of each of 

the plurality of tape sections in the first tape strip. For example, FIG. 19D 
illustrates a cross-sectional view of a portion of first substrate strip 1702 (or 
second substrate strip 1 706, as described below), according to embodiments of 
the present invention. A first metal layer 1906 and a second metal layer 1 908 are 
formed on first tape strip 1 904. First and second metal layers 1 906 and 1 908 may 
include copper, nickel, silver, gold, other metal, or combination/alloy thereof. 
Trace patterns are formed in the metal layers, as shown in first and second metal 
layers 1906 and 1908 of FIG. 19D. Two metal layers are shown in FIG. 19D for 
illustrative purposes, but the present invention is applicable to any number of one 
or more metal layers. 

[0158] In step 2128, at least one surface of each of the plurality of tape sections 

in the first tape strip is solder masked to expose at least one surface contact pad. 
For example, as shown in FIG. 19D, the bottom surface of first substrate strip 
1702 is coated with a solder mask 1910. Solder mask 1910 is formed to cover 
some portions of, and expose other portions of the trace patterns of first metal 
layer 1906. The top surface of first substrate strip 1702 is coated with a solder 
mask 1912 that is formed to cover some portions of, and expose other portions 
of the trace patterns of second metal layer 1908. The solder mask protects some 
trace patterns from contact, and exposes other trace patterns, such as bond 
fingers/surface contact pads. As shown in FIG. 19D, on the bottom surface of 
first substrate strip 1702, a first and a second surface contact pad 1914 and 1918 
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are exposed. On the top surface of first substrate strip 1702, a third, a fourth, a 
fifth, and a sixth surface contact pad 1920, 1922, 1924, and 1926 are exposed. 
The present invention is applicable to any number of surface contact pads being 
exposed. 

[0159] In step 2130, a laminate material is applied to a surface of each of the 

plurality of first substrates in the first substrate strip. For example, an adhesive 
material may be applied to the top surface of first substrate strip 1702 in 
preparation to be attached to the bottom surface of stiffener strip 1704. 

[0160] In step 2132, a central opening is formed in each of the plurality of first 

substrates in the second substrate strip. For example, FIG. 19E shows centrally 
located openings 402a and 402b formed in first first substrate 104a and second 
first substrate 1 04b, respectively. The central opening may be cut or punched out 
of a substrate. Furthermore, the central opening may be formed in other ways. 

[0161] In step 2134, a thermal connector is mounted to the first surface of each 

of the plurality of stiffeners in the stiffener strip through the central opening in 
each of the plurality of first substrates. For example, after step 2108, when 
stiffener strip 1704 and first substrate strip 1702 are attached, ground/thermal 
connectors 404 may be mounted to the bottom surface of stiffeners 112a and 
1 12b, through centrally located openings 402a and 402b in first substrate strip 
1702. 

[0162] Second substrate strip 1706 may be formed in step 2106 according to 

materials and processes of the present invention. FIG. 21 D provides exemplary 
steps for step 2 1 06, according to embodiments of the present invention. Any one 
or more of the steps shown in FIG. 2 ID are applicable to forming first substrate 
strip 1706: 

[0163] In step 2136, a tape sheet is panelized into a plurality of tape strips that 

include a first tape strip, wherein the first tape strip includes a plurality of tape 
sections, wherein the first tape strip corresponds to the second substrate strip, and 
the plurality of tape sections correspond to the plurality of second substrates. 
FIGS. 1 9A-D, which were described above in relation to first substrate strip 1 702 
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will now be described in relation to second substrate strip 1706. FIG. 19A 
illustrates an example first tape strip 1904, according to embodiments of the 
present invention. In a tape substrate embodiment, first tape strip 1904 is a tape 
strip that was panelized from a tape sheet, along with one or more further tape 
strips. First tape strip 1904 includes a single row of tape sections 1916. After 
further processing, such as the processing described in subsequent steps of FIG. 
2 ID, the plurality of tape sections 1916 will be formed into second substrates 
502. First tape strip 1904 may also include a double row of first tape sections 
1916, as shown in FIG. 19B, or may include further first substrate rows. First 
tape strip 1904 may be a dielectric material made from various substances, such 
as polyimide tape. 

[0164] In step 2138, at least one via is formed through each of the plurality of 

tape sections in the first tape strip. FIG. 19C shows example arrangements of 
vias 1902a and 1902b respectively in tape sections 1916a and 1916b of first tape 
strip 1904, according to an embodiment of the present invention. The present 
invention is applicable to any arrangement of via locations, and any number of 
vias, in the tape sections of first tape strip 1904. 

[0165] In step 2140, trace patterns are formed on at least one surface of each of 

the plurality of tape sections in the first tape strip. For example, FIG. 19D 
illustrates a cross-sectional view of a portion of second substrate strip 1706, 
according to embodiments of the present invention. As shown in FIG. 19D, a 
first metal layer 1 906 and a second metal layer 1 908 are formed on first tape strip 
1904. First and second metal layers 1906 and 1908 may include copper, nickel, 
silver, gold, other metal, or combination/alloy thereof. Trace patterns are formed 
in first and second metal layers 1906 and 1908, as shown in FIG. 19D. Two 
metal layers are shown for second substrate strip 1 706 in FIG. 1 9D for illustrative 
purposes, but the present invention is applicable to any number of one or more 
metal layers. 

[0166] In step 2142, the at least one surface of each of the plurality of tape 

sections in the first tape strip is solder masked to expose at least one surface 
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contact pad. For example, as shown in FIG. 1 9D, the bottom surface of second 
substrate strip 1706 is coated with a solder mask 1910. Solder mask 1910 is 
formed to cover some portions of, and expose other portions of the trace patterns 
of first metal layer 1 906. The top surface of second substrate strip 1 706 is coated 
with a solder mask 1912 that is formed to cover some portions of, and expose 
other portions of the trace patterns of second metal layer 1908. The solder mask 
protects some trace patterns from contact, and exposes other trace patterns, such 
as bond fingers/surface contact pads. As shown in FIG. 19D, on the bottom 
surface of second substrate strip 1706, a first and a second surface contact pad 
1914 and 1918 are exposed. On the top surface of second substrate strip 1706, 
a third, a fourth, a fifth, and a sixth surface contact pad 1920, 1922, 1924, and 
1926 are exposed. The present invention is applicable to any number of surface 
contact pads being exposed. 

[0167] In step 2144, a laminate material is applied to a surface of each of the 

plurality of second substrates in the second substrate strip. For example, an 
adhesive material may be applied to the bottom surface of second substrate strip 
1706 in preparation to be attached to the top surface of stiffener strip 1704. 

[0168] In step 2 1 46, a central opening is formed in each of the plurality of second 

substrates in the second substrate strip. For example, FIG. 19F shows centrally 
located openings 504a and 504b in first second substrate 502a and second second 
substrate 502b, respectively. The central opening may be cut or punched out of 
a substrate. Furthermore, the central opening may be formed in other ways. 

[0169] In step 2148, an IC die is mounted to the second surface of each of the 

plurality of stiffeners in the stiffener strip through the central opening in each of 
the plurality of second substrates. 

[0170] FIG. 2 IE provides additional optional steps for flowchart 2100 of FIG. 

21A: 

[0171] In an embodiment, flowchart 2100 includes step 2150. In step 2150, an 

IC die is mounted to a surface of each of the plurality of second substrates in the 
second substrate strip. For example, the IC die is IC die 102, one of which is 
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mounted to the top surface of each of the plurality of second substrates 502 in 
second substrate strip 1706. 

[0172] In an embodiment, flowchart 2100 includes step 2152. In step 2152, a 

wire bond is attached between the IC die and a bond finger on the surface of each 
of the plurality of second substrates. For example, the wire bond is wire bond 
802 shown in FIG. 8, at least one of which is coupled between IC die pad 804 of 
each IC die 102 and a trace (not shown) on the top surface of the corresponding 
second substrate 502 in second substrate strip 1706. 

[0173] In an embodiment, flowchart 2 1 00 includes step 2 1 54. In step 2 1 54, the 

IC die is encapsulated on the surface of each of the plurality of second substrates. 
For example, encapsulant 116 is applied to the top surface of each of second 
substrates 502 in second substrate strip 1706, encapsulating each IC die 102 and 
corresponding wire bonds. The techniques for applying encapsulant 1 16 may 
include overmold, saw singulated molding, glob top liquid encapsulation, and 
other known processes. 

[0174] FIG. 2 1 F provides an additional optional step for flowchart 2 1 00 of FIG. 

21 A, according to an embodiment of the present invention. In step 2156, the 
substrate/stiffener/substrate strip combination is singulated into a plurality of 
separate substrate/stiffener/substrate combinations. For example, the 
substrate/stiffener/substrate strip combination is substrate/stiffener/substrate strip 
1700, shown in FIG. 17. Substrate/stiffener/substrate strip 1700 is singulated, or 
separated, into a plurality of separate substrate/stiffener/substrate combinations, 
such as first and second substrate/stiffener/substrate combinations 1712 and 1714. 
The separate substrate/stiffener/substrate combinations form substantially 
completed BGA packages of the present invention. 

[0175] FIG. 21G provides an additional optional step for flowchart 2 1 00 of FIG. 

21A, according to an embodiment of the present invention. In step 2158, a 
plurality of solder balls are attached to a surface of each of the plurality of first 
substrates in the first substrate strip. For example, the plurality of solder balls are 
solder balls 106, which are attached to and cover the bottom surface of first 
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substrates 1 04 in first substrate strip 1 702. Example arrangements of solder balls 
1 06 are shown covering the bottom surfaces of exemplary first substrates 104 in 
FIGS. 13 and 14. The solder balls may be tin, lead, silver, copper, other metal, 
or combination/alloy thereof. For example, they may be tin/lead, tin/lead/silver, 
or tin/silver/copper (lead free). 

4.0 Conclusion 

[01 76] While various embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example 
only, and not limitation. It will be apparent to persons skilled in the relevant art 
that various changes in form and detail can be made therein without departing 
from the spirit and scope of the invention. Thus, the breadth and scope of the 
present invention should not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with the following claims 
and their equivalents. 
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